Similar to that which occurred in most developed countries, dental caries have shown a significant decline in Brazil over the last two decades. Water fluoridation, expansion of preventive programs at schools, and especially, the widespread use of fluoride dentifrice are discussed as factors related to this reduction in caries. Data from epidemiological surveys and historical facts are presented to support the importance of fluoride dentifrices to the current caries prevalence in Brazil.
INTRODUCTION
Caries decline has been observed in many countries since the 1970s and has been the subject of many discussions (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Brazil, similar to other developing countries (11) , has also shown a marked reduction in dental caries in the last decades (12) (13) (14) (15) .
Nevertheless, methods of caries prevention vary widely among countries where caries reduction was observed. Experts worldwide have cited several factors to explain this reduction, i.e., changes in diet, hygiene procedures, clinical management of caries and the widespread use of fluoride (2) . Also, changes in the diagnostic criteria as to what constitutes a carious lesion should be considered (16) . Although water fluoridation and preventive programs based on fluoride applications are considered very important to the decline, use of fluoride dentifrices has been pointed out as the only factor common to the different countries experiencing caries reduction, and their widespread use coincides with the timing of caries decline (3, 4) . Their efficacy in preventing dental caries is clearly demonstrated in the literature (17) . Caries also declined in communities in which no other important preventive method was available, except for fluoride dentifrices (5, 6) , whereas countries where fluoride toothpastes are not widely used did not experience the same decrease in dental caries as observed in countries using these products (7) .
In Brazil, no controlled study was ever conducted to evaluate the factors involved in caries decline. However, epidemiological studies conducted concomitantly with this decline may give some information on the reasons for it. Fluoridated water has been available since the 1960s and fluoride dentifrices reached the market on a large-scale basis in 1989. Fluoride is also used in preventive programs at schools. The relationship of these factors with the observed caries decline in Brazil has not yet been discussed in the literature. Thus, this review discusses the role of water fluoridation, preventive programs and especially of fluoride dentifrices on caries reduction in Brazil, based on available epidemiological data and historical facts.
CARIES DECLINE IN BRAZIL
Considering the size of the country, only a few epidemiological surveys have aimed at assessing the caries prevalence in all regions, including a recently finished national survey (Figure 1 ). These national surveys, conducted from 1968 to 2003, showed a sig-nificant decrease in caries prevalence in Brazil in the last decades (12, 13, 15) . In 1968, according to WHO classification levels, Brazil presented a very high caries prevalence (8.3 DMFT at 12 years). This scenario changed to a moderate caries prevalence (2.8 DMFT) in 2003, according to the latest survey (15) . Although the national surveys clearly demonstrate the decrease in dental caries in Brazil, they are subject to critics, mainly because of the methodology used. For example, the surveys of 1986 and 1996 (12, 13) included only the capitals of the states, and may not reflect the caries incidence in small cities, with lower overall development. Thus, when trying to investigate the reasons for the caries decline, one must also count on local and regional epidemiological surveys in order to give support to the arguments.
As seen worldwide, the reduction in mean caries prevalence in Brazilian children is accompanied by a polarization of the disease, with 50% of individuals accounting for almost 90% of caries prevalence (18) . In 1986, 19.5% of 12-year-olds presented a DMFT of 3.0 or less, 45.3% presented a DMFT between 4.0 and 7.0, and 35.2% presented more than 8.0. In 2003, these numbers changed to 66.5% with less than 3.0 DMFT, 25.5% with a DMFT between 4.0 and 7.0, and 8% with more than 8.0 (15, 18) . This means that the reduction in the development and progression of the disease reached a large part of the population, but individuals with extreme risk factors were not benefited.
Studies have shown that different socioeconomic populations in Brazil present different caries experience (19, 20) . Many of these studies separate children of different socioeconomic backgrounds according to their schools (19) (20) (21) . Private schools (high tuition fees) are attended by high-income children, and public schools (no tuition) are attended by low-income children. An epidemiological survey conducted in 2002 in the state of São Paulo (21) showed a DMFT for 12-year-olds of 2.20 in private schools and 2.54 in public schools. Children free of caries at 12 years were 43% in private and 31% in public schools. Also, the components of the DMFT index are different between these two populations: there is an increase in the proportion of filled teeth over carious teeth for high-income when compared to low-income children, demonstrating a better access of high-income children to dental services (20) .
In spite of the differences in caries prevalence for the different socioeconomic populations, both of them experienced a significant caries decline. This demonstrates that the factors influencing the decline reached the Brazilian population on a wide basis. Considering the size of Brazil and the few preventive measures that reached the entire country, only three main reasons were identified as very important to explain the caries decline: a) fluoridation of water; b) widespread use of fluoride dentifrices; c) expansion of preventive programs at schools (14, 22, 23) . Indeed, it was demonstrated (23) that São Paulo, the largest city in the country, did not show any decrease in caries prevalence from 1970 to 1983, when none of these three measures was available. A 68% reduction in caries prevalence between 1986 and 1996 in the city coincides with the initiation of water fluoridation in 1985, the availability of fluoride dentifrices on a largescale basis since 1989 and the spread of preventive programs from 1990. The role of these three factors will be discussed in detail later.
Other factors of minor importance to the caries decline must also be described. Significant improvements in life quality occurred in Brazil over the last decades. Since the 1960's, the percentage of households with piped water and electrical supply increased from 21% to 90% and from 39% to 93%, respectively (24) . This improvement certainly influenced the health of the population, including oral health. However, socioeconomic inequalities are still strong (i.e. the difference in earnings between the poorest and the richest families currently reaches 47 times (24)), and the access of low-income population to educational and preventive health services is not as effective as in developed countries. Free public dental services, except for those directed to children at schools, are limited to curative treatment, including restorations and extractions.
Considering the diet of Brazilians, it is not probable that any change in the consumption of sugar occurred during the last decades. Families from a low socioeconomic background have diets based mainly on carbohydrates, which are cheap and act as a sufficient source of energy.
The increasing emphasis on health promotion and caries prevention after the 1950s, that Krasse (8) considers important to the caries decline seen in new generations of Swedish children, may also have influenced caries in Brazil. Preventive medicine and dentistry has grown significantly over the years. In 1981, the Brazilian Association for Preventive Dentistry (ABOPREV) was founded in Jundiaí, SP, with the aim of changing the model of caries management in the country from a curative to a preventive one. The participation of ABOPREV reached national levels in 1989 and this Association worked as a consultant of the Brazilian government in the decisions about preventive measures and politics of health, culminating with the promotion of the 5th World Congress on Preventive Dentistry (WCPD) in Brazil in 1995. However, there is no controlled research to study the relationship between the interest in preventive dentistry and caries decline in the country.
Despite the possible role of the preventive philosophy of ABOPREV on caries reduction, the change in the paradigm of caries is positively related to the changes in diagnostic criteria for caries. Marcenes et al. (16) showed that the diagnostic criteria for caries 30 years ago, which included early stages of the disease, may be related to an inflation of the prevalence of caries at that time. Thus, caries reduction would not have been that sharp. However, irrespective of this change in epidemiological surveys, the authors demonstrate that a significant reduction in caries in fact occurred (16) .
ROLE OF WATER FLUORIDATION
Water fluoridation was introduced in Brazil in 1953, and a federal law from 1975 advised water fluoridation in all cities having water treatment systems (25) . However, even today there are regions that have not received fluoridated water, and it can be estimated that only 43% of the Brazilian population have this benefit (14) . Most of the non-fluoridated cities are located in the northern region of the country, where social inequalities are higher and caries prevalence is greater.
The optimum fluoride level recommended for Brazil, 0.7 ppm, is checked by each city that has fluoridated water. This is an important control in order to assure adequate fluoride levels. As an example, Santos, a city in the state of São Paulo, underwent a rigorous control of water fluoridation: in 1990, only 61% of samples of water collected had fluoride levels from 0.6 to 0.8 ppm, when the Health Secretary started a serious control of fluoridation. In 1993-94, this percentage had changed to 96 to 100% (26) . Unfortunately, in some cities the control of fluoridation is not followed appropriately, and usually fluoride levels are below those recommended (27) , depriving the population of its benefits.
The role of water fluoridation on caries reduction in Brazil is certain and has been demonstrated by many surveys. A 50% reduction in dental caries, as observed in other countries, was shown some years after the implementation of fluoridated water in many Brazilian cities (14, 28) . This percentage of reduction was common before the availability of fluoride dentifrices in the country on a wide basis.
Currently, the extent of the contribution of water fluoridation to caries prevention has been questioned worldwide, mainly due to the confounding effect of the introduction of fluoride dentifrices. Data in the literature show that the difference in caries prevalence between fluoridated and non-fluoridated communities has decreased (1), and even after discontinuation of water fluoridation in some cities or countries, caries continued to decrease (4, 29) . In Brazil, the same trend can be observed. The two national surveys conducted in capitals of states in 1986 and 1996 (12, 13) showed that significant reductions occurred in caries prevalence, irrespective of fluoridation of water ( Table 1) . The north and northeast regions of the country presented about 50% reduction in dental caries in 10 years, even though the cities studied did not present fluoridated water.
The decrease in the difference of caries experience between fluoridated and non-fluoridated cities is well demonstrated by Pereira et al. (30) (Figure 2 ). This Figure shows that the difference in dental caries prevalence between school children from two near cities, with and without water fluoridation, which was 50% in 1991, was reduced to approximately 20% in the following years. Recently, it was shown that the DMFT at 12 years in Brazil is 2.3 for fluoridated and 3.4 for nonfluoridated cities, a difference of about 30% (15) .
These results demonstrate that, for the non-fluoridated cities, other factors are responsible for the caries decline. Although the effect of water fluoridation on the prevention of dental caries may have decreased with the introduction of other sources of fluoride, it is still regarded as an important preventive measure in Brazil (31,32), especially for low-income people (14), who may not benefit from adequate oral hygiene procedures. However, each community should assess the real cost-effectiveness of water fluoridation for its population.
ROLE OF PREVENTIVE PROGRAMS
Oral health services, with emphasis on oral health promotion, underwent a significant change in Brazil around 1990. Before this date, the government invested in "finished treatments", which meant that the child should have all cavities restored, and obviously encouraged restorative approaches. Since the beginning of the 1990s, the health system changed in Brazil and municipalities gained more autonomy to spend federal resources with measures significant to their community. Dental health was influenced by this change, because the government started to support collective, preventive procedures. Each city would receive money according to the number of children participating in the preventive program. This promoted an expansion of preventive programs using fluoride at public schools. Such programs included supervision of toothbrushing at schools with fluoride dentifrice, weekly fluoride rinsing, APF application and dental treatment, according to the caries risk of children. The city was responsible for the toothbrush and fluoride dentifrice supplied to the student every 3 months. This permitted socioeconomic-deprived children to have access to fluoride dentifrices. However, due to regional differences occurring in a huge country like Brazil, these preventive measures were implemented more seriously in some cities than in others, and usually covered only a percentage of the public schools. Those cities with organized health systems that promptly adhered to the new approach experienced an early caries decline.
From 1975 to 1983, in Santos, a city in the state of São Paulo with a population of about 500,000, preventive measures included fluoride rinsing at schools and education on dental health to students and teachers, and in 1983, water was fluoridated. As a result of these measures, caries declined from DMFT 8.9 at 12 years in 1975 to 5.1 in 1989. Since 1990, preventive policies were followed closer, with free distribution of fluoride toothpastes and toothbrushes at schools, use of topical fluorides, treatment of children according to caries risk and control of fluoride levels in water. This resulted in a further decrease in caries prevalence, with 62.5% of children aged 5 free of caries and a DMFT for 12-yearolds of 1.7 in 1995 (26) , quite less than the national mean (see Figure 1) (13) . In Piracicaba, a city with a population similar to that of Santos and presenting fluoridated water, the preventive programs at schools started later, and only in 2002 did the city reach a DMFT for 12-year-olds of 1.96 (21) .
Araraquara, another city in the state of São Paulo, also presented caries decline in preschool children 3 years after the implementation of a preventive program at preschools (33) , which included education programs for parents, supervised toothbrushing at school, distribution of toothbrushes and fluoride dentifrices for the children every 3 months and weekly fluoride rinses.
Besides these 2 examples, the authors cannot ascertain the importance of collective preventive measures on caries decline in Brazil. School-based fluoride programs were related to the initial caries decline in Norway, when fluoride toothpastes were not yet available (9) . However, the role of preventive programs in caries decline in developed countries is considered by some researchers to be of small importance (2, 29) , and Nadanovsky and Sheiham (10) also showed that the contribution of dental services to caries decline in the 1970s was minimal. In Brazil, the preventive programs funded by the government benefit only public schools, with mainly low-income children. Even though a 90-g Brazilian fluoride dentifrice costs less than US$0.50, the minimum salary today is around US$90. Thus, these programs may be very important to allow the access of the low-income population to fluoride sources.
ROLE OF FLUORIDE DENTIFRICES
Exposure to fluoride dentifrices increased greatly in Brazil at the end of the 1980s. Before September 1988, approximately 25% of dentifrices sold in Brazil contained fluoride, when the most popular Brazilian dentifrice was fluoridated (34) . This fact increased the proportion of fluoride dentifrices on the market to 90% in 1990. Currently, 97% of toothpastes sold in Brazil are fluoridated.
In 1981, when 12% of dentifrices on the market were fluoridated, the consumption was of about 0.6 g/ day per capita. At present, dentifrice consumption in Brazil is the third highest among countries reporting dentifrice consumption, with 1.4 g used per day per capita, only behind the United States and Japan (14) .
According to a resolution in 1989 from the Ministry of Health (35) , fluoride dentifrices should contain 1000 to 1500 µg/g (w/w) of soluble fluoride either ionic or ionizable (monofluorphosphate, MFP) when manufactured, and after one year at least 600 µg/g of soluble fluoride had to be maintained. Unfortunately, this resolution was changed in 1994 (36) , when the term "soluble" was removed, and until now, the rules (37) for fluoride dentifrice fabrication in Mercosur (common market among Argentina, Brazil, Paraguay and Uruguay) determine that they should contain a maximum of 0.15% of fluoride, irrespective of the salt of fluoride used, and its availability, and stability in the product.
Nevertheless, the quality of fluoride dentifrices in terms of availability and stability has improved over the years, as shown in Table 2 . All dentifrices are made in the Southwest region and delivered to the rest of the country. The availability and stability of fluoride is maintained irrespective of the region where the dentifrice is purchased (38) , showing that all populations benefit.
The four dentifrices that lead the sales (accounting for 80% of total) use calcium carbonate as abrasive, which is abundant in Brazil, and sodium monofluorophosphate as the source of fluoride, allowing a formulation with the potential to interfere with caries development. These calcium carbonate-based dentifrices, unique in Brazil, were tested in vitro (39) and in situ (40) , and recently it was demonstrated that calcium carbonate might enhance the effect of fluoride present in the dentifrice (41) , probably by its buffering properties and/or enhancement of calcium concentration in plaque (42) . Irrespective of the abrasive used, Brazilian fluoride dentifrices have demonstrated ability to interfere with dental caries in in vitro (39, 43) and in situ (40, 44) studies. This gives support for a possible role of the Brazilian dentifrices on the caries decline that has been observed.
As already described, there is evidence that the availability of fluoride dentifrices on a large-scale basis to the Brazilian market is responsible for the reduction in caries prevalence between cities with and without fluoridated water (Table 1 and Figure 2 ). Only a method that reaches all heterogeneous population of the different regions of Brazil could be implicated in the caries decline observed all over the country in groups with different socioeconomic backgrounds.
On the other hand, there is no study evaluating the direct effect of fluoride dentifrices on caries decline in the country. National surveys should have been conducted when fluoride dentifrices were introduced, because an experimental design to evaluate fluoridated versus non-fluoridated toothpastes would be unethical today. Thus, evidence for the role of fluoride denti- 
CONCLUDING REMARKS
Data are presented to corroborate the hypothesis that water fluoridation, expansion of preventive programs at schools and the widespread use of fluoride dentifrices are consistently linked to the caries decline observed in Brazil in the last decades.
The role of water fluoridation in caries prevention has been shown worldwide, and this also seems to be the case for Brazil. Also, although some preventive programs have been proven efficient, it is difficult to ascertain their role in caries reduction until controlled research is made to evaluate the subject. Increased rates of caries reduction after fluoride dentifrices reached the market in 1989 and a minor difference in caries prevalence between regions with quite different preventive programs and exposure to fluoridated water give support to the major role of fluoride dentifrices in caries decline in Brazil.
Nevertheless, in a country of socioeconomic contrasts like Brazil, all preventive methods are of great importance to reach the greatest part of the population. Also, it must be noted that more research is needed to determine the efficacy of different methods for caries control, so that the government can spend resources where worthy.
RESUMO
Assim como observado na maioria dos países desenvolvidos, a prevalência de cárie dental no Brasil apresentou um declínio significativo nas últimas duas décadas. A fluoretação das águas de abastecimento público, a expansão de programas preventivos nas escolas e principalmente o uso abrangente de dentifrícios fluoretados no país são apresentados como fatores relacionados a essa redução de cárie. Dados de levantamentos epidemiológi-cos e fatos históricos são apresentados para corroborar a importância dos dentifrícios fluoretados na atual prevalência de cárie no Brasil.
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